Introduction
Lung cancer as a consequence of radon daughter exposure at relatively high exposure rates is well documented (1) (2) (3) (4) (5) . Followup studies ofmany types ofunderground mining cohorts indicate that radon daughter exposure is the common factor in producing lung cancer above expectations. These miners were exposed to a broad spectrum of concomitant airborne pollutants. Although the inhaled minerals and dusts undoubtedly have some carcinogenic potential, their effects appear small compared with the radon exposure itself.
The underground miner epidemiology began to show the trend between exposure and lung cancer response in the late 1960s (I). Occupational guidelines were reevaluated and, in the U.S., were lowered to the present annual occupational limit of4 WLM/year in 1971.
Because ofits natural origin, radon is present in every environment. In the early 1980s, environmental measurements in homes showed that high radon concentrations were not found exclusively in underground mines. At this juncture, environmental research concerning radon exposure at home accelerated and, within the past 4 years, an enormous number of measurements have been made for various purposes (6, 7) .
It is useful to introduce certain dosimetric aspects of radon daughters early. The significant radiation dose does not arise from inhalation ofradon gas (3.82 day half-life) but from deposition of its particulate, short-lived alpha-emitting daughters, Pb and2'4Pb (30-min effective half-life). It was not fully appreciated that the occupational limit of 4 WLM delivers an annual dose equivalent to cells in the bronchial epithelium of0.4 Sv (40 rem) (8) . Because some homes attain this value, the environmental lung dose to a fraction of the population is of this order of magnitude, compared with the natural whole-body gamma-ray dose of 0.1 rem per year. *New York University Medical Center, 550 First Avenue, New York, NY 10016
Some states, such as Pennsylvania and New Jersey, for example, have mounted programs dedicated to finding extraordinarily high radon levels in homes to reduce the exceptional lung cancer risk (EPA, unpublished data).The Environmental Protection Agency (EPA) has conducted state surveys to try to identify regions within states which have the potential for high radon concentration in homes (EPA, unpublished data). The Department of Energy has initiated a radon program to attempt to better understand the reasons for the high radon concentrations in homes with a view to overall radon exposure reduction. Their program is also supporting studies bearing on the fundamental mechanisms of radon carcinogenesis (9) .
Risk assessment is tied to exposure estimation and the projection models. This paper brings some of the modeling and measurement information together to attempt to show the difficulties in assessing the true lung cancer risk from environmental radon exposure and proposes a methodology which may have validity.
The Problem
Four factors are required to determine the environmental lung cancer risk from radon exposure: exposure-response relationship, radiation dose versus exposure for mining versus environmental populations, relevant exposure of the population, and risk projection models to estimate the effects in the population. Although the emphasis ofthis manuscript concerns the relevant exposure ofthe population, the dosimetry and the risk projection models will be mentioned briefly. Table 1 shows the exposure offive mining populations used for risk projection. The occupational exposure duration was short compared with environmental exposure which occurs over a lifetime. Table 2 shows the results of some of the existing measurements in homes as of the date of this writing. Many of these surveys were performed for particular purposes and may not be valid estimates of average exposure. The measurements 
Dosimetry and Risk Projection Models
It is worthwhile to indicate that studies of the dose delivered to cells in bronchial epithelium lining the airways have been published by several investigators (8, 10) . Although conditions differ in mines and homes with regard to particle size ofthe atmospheric aerosol, breathing rate, unattached fraction of the radon daughters, etc., the radiation dose per unit in mines and homes is similar due to compensating factors among the variables. That is, the dose is about 5 (12) .
These models may be used to sum the excess risk over a full lifetime or to calculate the number oflung cancers seen annually in a population with a particular age composition. The lifetime risk and annual risk are calculated for various models in Table  3 . Ifthe BEIR IV model is corrected so that risk following each annual exposure persists for 35 years, rather than for full life, the lifetime lung cancer risk is almost halved. The EPA used a constant relative risk model and the ICRP both a constant relative and additive risk model. These are not as faithful to the time pattern of appearance of lung cancer following exposure, and the numerical results (with the exception of the upper range of the EPA model) differ by a factor of 3. Thus, until better information on the actual temporal pattern of appearance in miner or environmental populations is available, the uncertainty in the models remains about a factor of 3.
Proposed Methodology Figure 1 is taken from Bernard Cohen's studies to show the negative correlation that he finds between measured average radon exposure in U.S. counties and lung cancer mortality. This negative relationship persists in all of his data so far. The large variation in lung cancer mortality rate with geographic location at the same radon concentration in Figure 1 is indicative that a lung carcinogen other than radon predominates. The present radon risk projection models suggest that a baseline mortality rate of less than 7 per year per 100,000 for a true long-term radon exposure of4 pCi/L is impossible. Cohen 
